very much finer than in the present case. He would have thought that the coloration from local silver application was brownish, was more marked in the inferior fornix and was not limited to the ocular conjunctiva as in this case. Mr. Williamson Noble's suggestion was that silver might have been applied to the eyelashes to make them black. He had not thought of this possibility. He had wondered whether silver could have been applied in some unusual manner, but even so he was not sure that this would overcome the difficulty of the staining being diffuse all over the globe and yet escaping the palpebral conjunctiva. He agreed with Dr. Parkes Weber and he confessed that if the condition was not due to some form of local application he had no more likely suggestion to put forward. With regard to Dr. Hart's suggestion, he believed that the coloration of ochronosis was always a burnt sienna kind of tint and so far as the eye was concerned, was most marked in the palpebral fissure.
The Red Field and Optic Disc Resistance in Glaucoma and Allied Conditions.
By RANSOM PICKARD, C.B., C.M G., M.S. THE object of the work embodied in this paper was to study the red field in glaucoma and any allied condition, and the factor of resistance of the nerve head to the intra-ocular pressure. Although no definite rules can be laid down as a result, the findings seem worth recording.
The work has been spread over four years. Except for a casual reference the cases in the 1925 paper (a) are not included. As far as possible the cases are a complete series; but certain cases had to be excluded, some because the patients were not sufficiently reliable observers, others because time prevented a full examination of the red field, another group because the cases were so advanced that any colour fields were so small as to be within the allowance for errors of observation and fixation. Some reference will be made to cases of this advanced type not included in the charts.
Colour.-Red was chosen for comparison with white I (Traquair's discs) because red is more easily identified than green at the margin of the field; moreover, if the observer at first sees the red as pink, one may be certain that he is seeing some red at that time; whereas, if he sees the green as blue, there is no certainty that he is seeing green, so that an error might creep in because of his doubt as to the colour really seen.
Field.-The size of the field was estimated by adding the angles subtended by it along the eight principal radii, dividing the total of these by eight, the result (the average radius of the field) being used as a standard of comparison. The diameter of the blind spot or other scotoma was subtracted from the radius or radii in which it appeared.
Cutps.-In my paper published in 1923 (b) it was shown that it was exceptional in normal discs to have a cup area of over 40%; in 127 cases betweep 55 and 85 years only two were more than that size. In the present series the numbers were The three cups of 12%, 23%, and 40% respectively, in the class of tension < 27 were included because the companion disc cup was large and both fields were affected. Thus, of 80 cups in this series, only nine were 40% or under, in six of which raised tension was found at one time or another. It will be seen that the series had as a whole, exceptionally large cups; nevertheless, the cups below 70% might be passed by many as "physiological,"la most indefinite term when applied to anything which may be expressed in a percentage with a fair degree of accuracy. That these should not be so regarded will be shown later.
Tension was estimated by the Schiotz tonometer, though as a routine it was also tested by the fingers. There are many sources of error by both methods, but the tonometer does eliminate those introduced by the lids and the tension on these by the palpebral ligaments. The number of patients dealt with in this paper is 57. They are distributed as follows: These figures require no comment; the bulk of the cases lie in the twenty years between 55 and 74 years (inclusive). 
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The preponderance of the female sex is obvious in all three groups. It will be seen that of the 57 patients, only 80 eyes are included in this paper.. The reasons for excluding 32 eyes are as follows:- 
In no case in the T < 27 group was the other eye found to have a T of 27 or more, though in the four cases under (2) they were so advanced that the field was too small to make deductions as to the percentage of the red field valid. Of the other two groups taken together, 36 patients had 65 glaucomatous eyes, 21 so far advanced in glaucoma that they could not be used in this paper. Thus the grouping by tension employed is justified, inasmuch as the groups do not overlap.
Classification.-The intermittent glaucoma group has been kept intact. The remaining cases are each divided into two groups according to tension and the size of the average radius for white -f 00. (III) Intermittent glaucoma, in which the tension has, on at least one occasion, been 27 or higher, but was usually below that point.
(IV) Advanced cases not in charts.
With one exception, all cases in the II (T < 27) group had no mists, rainbows, or pain. That case was included because it was examined over five months without a rise of tension, and the headaches had no apparent relation to the eye condition. Other cases which presented these symptoms were assumed to have intermittent glaucoma and passed to that class.
It is quite open for anyone to assert that it has not been proved that the ' cases of T <27 " never had the T above 27. This is true; only by taking the tension several times during the twenty-four hours for several weeks could it be asserted with absolute accuracy that the tension was never raised-and this is, in practice, impossible. But in two advanced cases of this group I have been able to measure at such varying hours as 8 a.m. and 8 p.m. on several days in a week, always to find the tension under 27.
To those who would still regard such cases as intermittent glaucoma, the increase of pressure happening at undetected times, it must be urged that such cases must be subject to less duration of pressure, over equal intervals of time, than those in which the tension is always raised.
It having been shown (Chart II) that in these cases of low tension there is enlargement of the disc cups comparable to that in the cases of definitely raised tension, it follows that the resistance of the nerve head is less in the former than in the glaucomatous group, which is one of the points to be proved in this paper. Into the cause of this weakness it is not intended now to enter, but in a previous paper (a) it was suggested that the condition was " cavernous atrophy," as described by some Continental writers.
Subdivision of Groups.-Keeping the intermittent group entire, it was found convenient to divide the other two groups each into two sections, those of average white radius of 20' or more, those of less than 200, the latter obviously comprising the more serious cases. The reason lies in the errors of the patient. Any delay in answering on his part will obviously produce the greater percentage effect, the smaller the field, which is thus less dependable in these advanced cases. Thus in the sections of less than 200 several have a red percentage of more than 100, which does not occur in the larger fields. In three of these the white field radius was 90, 60, and 30 respectively. Normal Fields.-An examination of normal cases was made in order to ascertain the variations of the TnUnY white and 1Wrr red fields. It was found that of 19 eyes, six showed a red percentage of less than 60, most of the remainder being above 80%: i.e.,showed small fields. No cause was found for this; all these cases showed normally sized white fields, nor were there widely varying conditions of illumination such as might account for this variation.
Graphs of Red Fields.-It is this group of small red fields in normal cases which prevents any deduction in an individual case as to the abnormality of the red field; only by employing graphs of a series of cases can any tendency to diminution of the red field be demonstrated.
Chart III.
Two Groups over 200 White Radius.-In the chart showing the red percentage in cases of over 200 average white radius, the close correspondence between the two groups is at once seen, so that either might be substituted for the other without any great inaccuracy. Only for the larger values can it be said the glaucoma group has a slightly higher range than the group in which increased tension was not found. In the first quarter the two groups are smaller than the normal by an insignificant amount, in the middle two quarters both groups are smaller than the normal by a little more than 200, in the last quarter the glaucoma group approximates to the normal, the other group remaining somewhat less. Taken as wholes, it may be said that about half of each group has a distinctly smaller red field than the normal. Two Groups under 200.-It will be seen that of these two groups the glaucoma group approximates towards the glaucoma group of 200 or over, except for three of more than 100%, while the lower tension group shows a higher percentage of red field even than the normal group. This may be due to errors of observation, but it may be safely said that in the smaller fields the red is retained to a higher degree than in the larger: i.e., while the peripheral red field is lost easily, the central is retained tenaciously. Chart V. intermittent. If it be assumed, notwithstanding the small number in the intermittent group, that it is a good average representation of such cases, a base line can be taken approximately equal to that for the previous two groups. Then it will be seen that the graph of this group approximates to that of the normal group. This would be according to expectation, for since in this class there is only an occasional deviation from normal pressure, there should not be any great variation from the normal in the red field. Thus the main anomaly in the red field graphs is that, while the two groups of T over and under 27 have a fairly similar difference from the normal, the intermittent class approximates to the normal. There would appear to be some difference in causation to account for this inconsistency. If it be assumed that in the group of T < 27 an abnormal weakness in the nerve head causes this to give way easily, while in the groups of intermittent glaucoma and of T 27 or higher there is an average resistance power, then all the groups come into line; each behaving according to the interaction of two factors, the resistance of the nerve head and the tension of the globe.
It is not maintained that in the T < 27 group the T is never above that amount. What is asserted is that, since repeated trials failed to show a higher T than 27, the nerve head has given way under a less total exposure to pressure than in the other groups. As will be attempted to be shown later, in some cases of this group reduced T after operation has not prevented further downhill progress in the case.
Chart VI. Spot Chxrts.-The actual sizes of the red and white fields radii are shown by the spot chart. In these the oblique line should be touched by cases in which the red percentage is 100, above this line the red is less than 100, below it more than 100%. The higher the spots the larger the white field. The charts may be tabulated thus 
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The close resemblance between the T < 27 and T 27 or more is obvious. The intermittent class is midway between these and the normal class in the size of the white r j radius.
Clinical Progress of T < 27 Group.-Eight eyes definitely became worse. Three of these (comprising two patients) were trephined but the fields continued to get small and the cups to increase. It is interesting that the untrephined eye in one of these two patients-too advanced to be included in the charts, too bad to make operation worth while-never showed a rise of tension. Eight eyes had an increase in the size of the cups but no decrease in the 1000 field, though three of these had a decrease in the .1 field. Eleven eyes were definitely no worse in cups or fields over a period varying from eight months to three years and nine months. In these cases the 17 ' fields varied from 320 to 90, the cups from 100% to 70%, with one exceptional cup of 12%.
The remaining eyes have no records long enough to give any estimate as to their course.
The outlook in these cases is so varied that no generalization can be made.
Speaking roughly, the larger the cup, the smaller the field and the worse the prognosis: but a stationary case observed for three years and nine months, with a cup 100% and 4 D deep, a white field of 32°radius for i8uR, 13°for IyDs, and a tension of 180 forms a remarkable exception. It is considered to be an arrested case.
If it be assumed that the process or processes causing weakness of the nerve head are of varying intensities and durations, so that some cases come to an end before the field is greatly affected, while others progress much further, then the varying clinical pictures are explained. If it be also assumed that the nerve fibres and connective tissue elements in the nerve head are variously affected, the very severe course of the trephined cases may be explained by an affection of the nerve fibres, besides that caused by the normal eye tension upon nerve fibres insufficiently supported by surrounding connective tissue.
Advanced Cases T < 27 (not included in Charts).-In one eye the red field was not taken, so this eye could not be included in the charts. In the other three eyes the fields were too small to be usefully included, an average radius of 30 or less. In these the T?`red field was about the same size as the white -f B, the cups being 100, 90 and 70%.
An advanced case of glaucoma with both eyes affected is now to be mentioned. The loss in the right field in 1920 was sectoral with a large Ronne's step. The loss increased and coalesced with an enlarged blind spot.
In the left eye the loss began in 1922 as a paracentral annular scotoma nearly confluent with the blind spot, the outline of the field being nearly full.
This scotoma enlarged, the upper half of the field disappeared, and the blind spot enlarged into a wide annular scotoma of 1800, which separated the central and peripheral portions of the field. This is a case in which glaucoma existed in combination with a weakness of the nerve head; so that, although pressure was relieved, the loss of the field progressed, and but little sight is left.
The belief that cases of undemonstrated raised tension and large cups must have raised tension at some unobserved times is founded upon variations actually demonstrated at different times in some cases. But this generalization leaves out the possibility of inherent or acquired weakness of the nerve head, and means the denial of the variation of one of the two factors which together give the reason for the cup enlargement, when one of them--the ocular tension-is known to vary. This position is unreasonable on grounds of probability, and it is hampering to research. For it is by sorting out cases which agree in some signs but differ in others that an appreciation of the varying factors at work can be made. The continued downward progress of some cases of operated glaucoma, when no such fresh factor, such as opacities of the media or inflammation, has been introduced, suggests a missing influence. The varying resistance of the nerve head supplies this.
Whether it is an inherent weakness in the sense that the nerve head tissues are in some sense congenitally unable even to withstand normal pressure after middle life, or whether it is a pathological condition, cannot be decided without a microscopical examination-perhaps one cause in some, the other in other cases is at work. The advanced cases, especially those which progress after trephining, suggest an actual contraction rather than a mere recession, a contraction following upon a pathological alteration.
Conclusions.-(1) In intermittent glaucoma, as far as can be judged from seven cases, the red field approximates to the normal. Both the groups of T above and below 27 show a curve 200 smaller than the normal in the middle two-fourths for cases having over 200 white field ( -& is). In both groups of under 200 white (Vruz ) the central red field is retained tenaciously, the low T cases having a larger red field than the high T group. (2) The two groups of T above and below 27 are practically identical in age, sex, size of disc cups, degree of loss of red and of white fields, but differ in tension.
(3) There being no clinical evidence of increased tension in the T < 27 group, the giving way of the disc cup must be due, at least in part, to weakness in the nerve head, perhaps in some cases, to active recession.
(4) This conclusion is supported by two cases in which trephining has not arrested the loss in the fields; i.e., in which the loss proceeds in the presence of a definitely subnormal tension.
(5) There is some evidence which suggests that the progress of some of these cases does become arrested. If this is so, it tends to prove that the main factor is the weakness in the nerve head and not the pressure in the globe.
(6) There is no evidence as to the nature of the weakness in the nerve head. None of the cases had any symptoms of general disease of the nerves or central nervous system. REFERENCES. PICKARD, R., (a) Brit. Journ. Ophth., 1925, ix, 385; (b) id., ib., 1923, vii, 81. Mr. PICKARD said he desired to make the point clear that this was not a selected group of cases which he had dealt with in the paper; they were, as far as they could be, a continuous series. He had gone to work on a definite system. He was working on the cases for four years, and it was not until the end of that time he collated his results, to prevent him being biased in any way.
